Imagine that you are at a music festival listening to your favorite band live, dancing along with 20,000 other fans. As you jump and swing to the beat of the song, your improvised choreography includes clapping, waving, and various other arm motions. The rich, spontaneous movement patterns are impervious to the strobe lights, lasers, and images flashing about. In contrast, when the song ends and you see your friend standing next to you, holding a bottle of your favorite beer, your arm reaches resolutely toward it. There is ample evidence indicating that such internally generated and visually guided movements recruit at least partially distinct neural circuits, with the basal ganglia contributing more heavily to the former and cortical motor and premotor areas being more crucial to the latter. But the distinction is not absolute, and because most movements to some degree involve the participation of (and interaction between) both networks, distinguishing their functional contributions has been challenging. Now, Thura and Cisek (2017) present an experiment in behaving monkeys in which the roles of basal ganglia and cortical neurons in generating arm movements are clearly dissociated. They trained monkeys to make choices based on dynamic visual information and found that while the cortex reflected the detailed analysis of the visual input and the monkey's decision, the basal ganglia reflected (1) the overall haste of the process and (2) the motor choicebut only after the commitment to it was evident in the cortical activity. The results paint a nuanced picture of the choice process in which the two structures interact continuously with each other, playing superficially similar yet distinct, complementary roles that define the direction and timing of the resulting movements.
Historically, the problem that Thura and Cisek addressed has been a hard nut to crack. The basal ganglia are a collection of subcortical nuclei that have long been associated with the production of movement. Strong evidence for this comes not only from clinical observations in humans but also from cortical lesion studies showing that, on their own, the basal ganglia are capable of sustaining a large repertoire of ''innate'' behaviors (e.g., feeding, grooming, walking) or other complex movements after they have been learned, particularly if they do not require dexterity of the hand (Bjursten et al., 1976; Passingham et al., 1983; Kawai et al., 2015) . The basal ganglia receive input from numerous areas of the cerebral cortex, and their outputs are largely relayed back, via the thalamus, to those areas of the cortex where the corresponding input signals originated. This feedback organization seriously complicates the assignment of specific functional roles. Activity that emerges at any point in the loop rapidly propagates to the rest of the network and continues circulating. Hence, whenever a movement occurs, any correlated change in neuronal activity is typically reflected in all the corresponding nodes of the circuit, with only subtle differences between them. This makes it nearly impossible to figure out where and how the incipient command was initially issued and, in the case of multiple motor alternatives, how the motor ambiguity was resolved. Understanding the unique contributions of the basal ganglia to behavior, and setting them apart from those of the cortex, is a fundamental issue in neuroscience.
The functional dissociation reported by Thura and Cisek relies on a clever paradigm known as ''the tokens task,'' in which monkeys make arm movements (to control a cursor) based on a visual display that progressively reveals what the correct choice is. At the start of each trial, a collection of 15 dots-the tokens-appear in a central area. Then one of the tokens jumps randomly to the left or to the right, and 200 ms later another one jumps, and so on, until the monkey makes a movement to indicate which of the two peripheral areas, left or right, will end up with more tokens. After the monkey has responded, the remaining central tokens jump more quickly, and once the central area is empty, the correct answer becomes certain. The timing of the task is key: the interval between token jumps (200 ms) is short enough to keep the monkeys engaged throughout each trial (up to 3 s) but is long enough to resolve changes in neuronal activity in response to each individual jump. In this way, it becomes possible to track the effect that each quantum of visual information has on the current motor plans; i.e., how the neural activity representing each choice, left or right, is either strengthened or weakened when an additional unit of sensory evidence favors or opposes it.
Indeed, Thura and Cisek report that the impact of the visual input is starkly different across brain areas. In the dorsal premotor (PMd) and primary motor (M1) cortices, where they had previously recorded during the task, a majority of neurons responded to the individual token jumps, doing so in a way that was congruent with each cell's preferred movement direction. That is, if a cell had a preference, say, for movements to the right (i.e., it fired more than for movements to the left), then a token jumping to the right typically caused a small (10%) increase in its activity, whereas a token jumping to the left caused a small decrease. This effect was widespread and highly reliable in cortex. In contrast, in the globus pallidus (GP), which is considered the output structure of the basal ganglia for limb movements, very few neurons responded significantly to individual token jumps-this in spite of the fact that most GP cells robustly differentiated left and right movements. So, although the GP activity evolved over the course of each trial to eventually signal the monkey's choice, in general its gradual rise or fall was impervious to the relevant sensory evidence.
As mentioned, the activity of the GP neurons varied according to the observed hand movement, as did the activity of the cortical cells, but comparison of their relative timing was also revealing. The differential signal encoding movement direction in GP developed slightly but reliably after the corresponding signal in PMd had reached its peak. In other words, the neural correlate of the choice in GP lagged that in premotor cortex, arising only after the cortical circuit had committed to the observed choice. This is a strong indication of causality going in one specific direction: cortex first, GP second.
Having shown that the GP did not participate in target selection, Thura and Cisek identified a different aspect of the choice process to which the GP did appear to contribute-its urgency. For this, they exploited another ingenious feature of their task, which is how the trials continue after the monkey has made a choice. As mentioned earlier, once the monkey responds, the remaining central tokens move more quickly to their final targets-but it matters how quickly they do so. In the so-called ''fast blocks'' the remaining tokens jump every 50 ms, whereas in the ''slow blocks'' they jump every 150 ms, and monkeys are highly sensitive to the resulting dead time (Thura et al., 2014) . During slow blocks, when they have to wait longer between trials, they deliberate longer and make more accurate decisions based on relatively large numbers of token jumps, whereas during fast blocks, when more trials per unit time are available, they respond after relatively few token jumps, and their overall accuracy is lower. In other words, across blocks the monkeys trade speed for accuracy. By comparing the neural activity recorded in fast versus slow blocks, Thura and Cisek could identify cells and firing patterns potentially underlying the corresponding changes in the speed-accuracy tradeoff.
What they found was that the GP cells behaved as if they conveyed an urgency signal, i.e., a time-dependent activity pattern reflecting the haste of the ongoing decision-making (and movement preparation) process. Two observations were indicative of such a role. First, the GP neurons thought to promote movement, which ramped up their activity as the trial progressed, typically fired more intensely during fast than during slow blocks, whereas the neurons thought to inhibit movement, which ramped down their activity as the trial progressed, showed the opposite pattern, firing more during slow than during fast blocks. And second, the change in responsivity across blocks was sustained throughout the whole trial, including the baseline period before the first token jump. Such modulation in baseline across blocks is entirely independent from the evaluation of sensory information and is thus consistent with the neural correlate of the current speed-accuracy setting.
These results are not simply descriptive; they are important from a conceptual standpoint because they conform to the expectations of a solid computational model that quantitatively reproduces much of the behavioral data in the tokens task (in fact, the modeling work motivated the search for the urgency signal in the first place). The modeling framework adopted by Thura and Cisek (Cisek et al., 2009 ) makes the key assumption that the competitive dynamics associated with a motor choice must partially depend on a rising urgency component that is independent of the perceptual evaluation process in each trial. This is quite reasonable, because movements are not necessarily or exclusively the result of the analysis of informative sensory input; they may correspond to random choices, as when one guesses, or may be spontaneous, internally driven, as when people dance. In this view, each perceptually based choice results from a combination of urgency (which promotes a response, any response) and evidence-based target selection (which favors the correct response). So, a mechanism must exist for driving motor actions independently of perceptual analysis, and according to the results of Thura and Cisek, the GP activity fits the description.
Over the years, a few examples of features or types of functional specialization that seem truly unique to the basal ganglia have been revealed. The processing of reward and reward expectation via the neurotransmitter dopamine is a prominent case in point with numerous ramifications, e.g., to reinforcement learning, Parkinson's disease, attentional deployment, etc. In the motor realm, there are also strong indications that, whereas cortex is necessary for learning complex movements or motor sequences, once mastered, these can be directed by the basal ganglia alone (Kawai et al., 2015; Murray and Escola, 2017) . Thura and Cisek have brought another such principle-urgency control-into focus. This idea, which is consistent with earlier suggestions (Yin, 2014; Dudman and Krakauer, 2016) , could be very useful for teasing apart further circuit functions because, as opposed to learning, which typically requires a long timescale (multiple trials or actions), urgency involves a much shorter one (a single trial or action).
A study by Costello et al. (2016) provides an example with several interesting points of comparison. That study contrasted the neuronal activity associated with eye movements in the cortex (the frontal eye field, or FEF) and oculomotor thalamus (OcTh) and reported results that, in retrospect, are highly consistent with those of Thura and Cisek. The control of skeletal and eye movements occurs largely via independent neural circuits, but they both involve similar recurrent interactions between cortex and basal ganglia, with analogous nodes within each network-an anatomical homology that suggests strong conservation of function. For eye movements, activity starts in FEF (as opposed to PMd and M1) and comes back from the basal ganglia via the OcTh. Costello et al. recorded from monkeys trained to perform three tasks: an easy choice task based on color discrimination, a similar discrimination task that was difficult because it was urgent (the amount of time available to make a decision was limited), and a simple delayed saccade task in which a single target appeared and the monkey had to look at it when instructed to do so.
Contrary to their initial expectations, Costello et al. (2016) found that the responses associated with saccadic choices were qualitatively similar in FEF and OcTh: (1) both had neurons that clearly discriminated left versus right movements, just like the cortical and GP reach-related responses recorded by Thura and Cisek, and (2) the impact of the sensory evidence (the color cue) was weaker in OcTh than in FEF, but still present there, just as the effect of single token jumps was much weaker, but not entirely invisible, in the GP as compared to PMd/M1. However, a prominent and robust difference between FEF and OcTh was observed by Costello et al. when comparing the responses across tasks: in OcTh, the peak activity was highest during the urgent discrimination task, moderate during the easy version, and generally very low in the single-target task, and the differences were appreciable in the majority of cell types, regardless of whether they related to the eye movements or not. In contrast, no such thing was seen in FEF. The result was considered as a form of task dependence, because it was not clear what exactly the OcTh was signaling. But in light of Thura and Cisek's work, urgency is the likely culprit.
One last, notable aspect of the subcortical activity documented in these studies is that it does not necessarily refer to the speed or reaction times associated with the actual movements produced (whether saccades or reaches), but rather to the ongoing urgency of the task-a critical distinction. In the Costello et al. (2016) study, saccadic reaction times were, in fact, somewhat longer for the urgent discrimination task than for the other two; and for both reaching and eye movements, the differences across urgency conditions were observed throughout the whole length of the trials. So, basal ganglia activity is likely to regulate the overall speed of the ongoing behavior, not only (and not necessarily) that of individual actions (Yin, 2014; Dudman and Krakauer, 2016) . This is consistent with recent modeling work (Murray and Escola, 2017) suggesting that the striatum is ideally structured for regulating the speed at which multiple, complex motor sequences are executed (e.g., playing a song on the piano slowly or quickly).
There is considerable evidence that the basal ganglia may also participate in cognitive functions that are not necessarily related to motor activity. Perhaps if they generally serve to control the timing of ongoing behavior, they also play a role in regulating the temporal development of more abstract processes. The work of Thura and Cisek is likely to provide inspiration, as well as testable hypotheses, for addressing such questions in future experiments.
